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Motivation
For the pursuit of the planning of manned space mis-
sions to Mars [1; 2] as well as for the application of heavy
ion irradiation in radio-therapy [3] an assessment of pos-
sible effects of high LET radiation on the cardiovascular
system, especially heart muscle cells is needed. In order to
approach this important field, we used for the first time mi-
croelectrode arrays (MEA). This method allows the record-
ing and monitoring of electrophysiologic cardiac signals of
primary cardiac cultures, seeded onto MEA-chips. Addi-
tionally, DNA damage and cell cycle progression were ex-
amined.
Material and Methods
Cardiac cells were isolated from chicken at develop-
mental embryonic stage E8 and cultivated. Cells were
seeded onto 60 electrode MEAs and 15 mm coverslips.
The cultures were exposed to carbon (25 mm Bragg Peak,
mean LET 75 keV/µm at sample position) or titanium ions
(1 GeV/u) at the SIS-facility (GSI, Germany). X-ray ex-
posure was conducted at the Technische Universita¨t Darm-
stadt (135 kV; 19 mA / 90 kV; 33.7 mA). Electrophysio-
logical properties of the cell cultures were measured be-
fore and after exposure. Signals of cardiac cells could be
recorded for approximately one week and were analysed in
terms of beat rate, conduction velocity, field action poten-
tial duration and general spike shape using the MATLAB
software tool DrCell [4]. Cardiomyocytes cultured on cov-
erslips were fixed at different time points after exposure
and double strand break (DSB) accumulation and repair,
proliferation and apoptosis were examined by immunohis-
tochemistry.
Results
Experiments up to now indicate that heavy ion irradia-
tion reduces the conduction velocity of cardiac signals [5].
Furthermore, cultures irradiated with titanium ions show a
slight increase in the field action potential durations four
hours after exposure compared to the sham irradiated con-
trols (see figure 1). In contrast, cultures exposed to the
same doses of X-rays exhibit a reduction in their field ac-
tion potential duration in comparison to the non-irradiated
controls. These results indicate different radiation qualities
may have opposing effects on the electrophysiology of the
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Figure 1: Field action potential durations (fAPd) are ex-
emplarily plotted for cultures exposed to 2 Gy X-ray and
titanium ions, respectively.
exposed cells. This is also supported by other physiologic
parameters such as the beat rate.
For both, X-ray and heavy ion radiation, we observed
a late, but dose-dependent G1/S-checkpoint response ana-
lyzed by S-phase labeling. Irradiation with higher doses
of heavy ions resulted in a stronger decrease of prolifer-
ation compared to similar doses of X-rays. We detected
only small differences in G2/M-activation. We also ob-
served a dose-dependent decrease in the number of mitotic
figures 24 h after X-irradiation, whereas irradiation with
heavy ions showed only slight decreases
Conclusion
X-ray and titanium ion exposure show opposing ef-
fects on some electrophysiologic characteristics at the same
doses.
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